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U.  Electronic  temaiy  ^etal  coapcunds 


5.  femaiy  laves  phases 


6.  Ternary  nickel-arsenids  phases 


7.  Ternary  interstitiai  phases 


6.  Properties  and  practical  application  of  ternary  setal  coffi?o’jc:ds 


Introduction 


At  the  present  tise  stodf  has  been  aade  of  a  great  mesber  of  setal  coapounds 


fomed  Kith  tao  eleaents,  i«e.,  binary  coKoands. 


Aumakov's  teaching  on  bertholides  and  daltonides  has  becose  the 
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basis  of  the  scientific  aLassifieat.ioii  of  these  cczrocraids,  and  has  sade  it  possible 
to  dstsrnins  their  eraot  plaee  asoiig  t-hc  binary  •oetal  phases.  There  are  sonoaraphs 
devoted  to  the  classification  of  binaiy  setal  coxpounds  according  to  their  crystal 

/O  I.  / 

In  recent  years  a  nfcole  ntrher  of  surveys  have  been  ppublished  on  analysis  of  the 

ge^^ral  lass  governing  the  foisation  and  properties  of  certain  gror^ 

of  binary  netai  caaporsnds,  and  also  on  clarification  of  the  part  played  hy  the  latter 

In  inuua trial  allays  oTrJ  Utclr  puleniial  aj^Hcation.  Bata  on  binaiy  setal  cospoands 

has  nade  possible  a  fuller  and  nore  profoiind  stuiiy  of  binary  diagransof  state. 

(c-Jlc-,- 

•toee-cosponent  systeas  have  been  studied  to  a  considerably  ashler  extent, 
hosever.  These  systeas  oay  contain  diverse  phases  vdth  frcs  one  to  three  elenents; 
for  the  nain  tbe^  are  ternary  capnoitex  phases,  since  the  pure  coaponents  of 
ternary  sjStcBSj  as  liell  as  the  netal  eoEpcunds  frequently  fozsing  in  these  aysteas, 
are  alxays  able  to  sose  extent  to  disolve  the  excess  coBx>nents,  foiaing  either 

i 

noiaal  or  aetal^ide  solid  solutions,  accordingly. 

The  author  /S/  has  devised  a  systea  of  classification  for  temasT  aetal  phases 
based  on  the  coaq^arison  o'*  the  nature  and  extent  of  the  koeogeneous  areas  in  the 
ternary  diagraa  of  state. 
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Out  of  the  eight  Jypes  of  temaiy  netsl  phases  there  are  foer  different  tTpes, 
including  ternary  solid  solutions  based  on  one  of  the  system  cocaponentSy  ithich  cannot 
classed  as  aetal  compounds. 

t 

Ternary  phases,  idiich  are  limited  netalide  solia  solutions, are  c'sse  stractore 
and  properties  to  the  corresponding  binary  metal  cccspounds  on  Khich  they  are  based. 
Since,  as  noted  above,  a  great  deal  of  research  has  been  devoted  to  binary  aetal 
compounds,  ternary  phaser  '  this  Jype  will  not  be  considered  here. 

The  most  interesting  are  terrvary  phases  which  are  characterized  in  their 
diagrT-c  state  by  areas  cf  hcaogeneity  United  on  all  sides  and  degenerating  into 
points  when  they  lack  the  power  to  dissolve  excess  coatp!»ients.  These  phases,  which 
usually  have  their  own  kind  of  crystal  lattice  and  properties,  are 
independent  chemical  cosroaunds  in  the  sense  established  by  Knmakov,  and  should  be 
teraed  temaiy  setal  compoTinds. 

The  phases  of  this  type  are  the  aain  concern  of  this  article. 

coctinoous 

We  should  note  in  particular  the  temaiy  phases  which  are  iitKtwwftei  solid 
solutions  between  two  bir.aiy  aetal  ccmpounds.  *lthoo^  these  chases  are  a  particular 

i 

case  of  cetalide  solid  solutions,  in  a  nunber  of  coses  usually  in  equiwolscclar 
and  similar  concaitrations  ~  they  show  si^erstructural  lines  in  x-rays  and  manifest 


particular  properties,  different  frox  those  norked  out  according  to  the  additivity 
principle,  and  hence  constitute  independent  phases  of  the  nature  of  ternary  coopounas. 
In  vieir  of  this  ire  will  later  consider  such  phases  along  side  the  typical  aetal 


coapounds. 


1.  General  Features  of  Ternary  Metal  Ccapounds 

setal 

Like  binary  conpounds,  temai^cotapomids  aay  occur  in  alleys  as  a  result  of 

t 

prinary  ciystalliaation,  perijfectic  transition,  precipitation  froa  solid  phases 


or  transition  of  solid  phases  into  Kumakov^st  eccqiounds. 


Ihe  stahlity  of  ternary  coapounds  depends  greatly  on  their  exposition,  and, 
generally  speaking,  increases  irith  the  difference  in  the  cheaical  r>ature  of  the 
coaponent  elssents,  Aaong  the  typical  ternary  aetal  cocp|inuls  ae  find  rdmses  of 


t?.;  berthelide  and  daltonide  type. 


An  exai^le  of  a  daitonide  is  the  coapound  S(A1  CuMg),  which  has  been  studied 

2 

in  datail  in  /6,  7/  and  other  wor*. 

k  berthollide  nature  is  possessed,  for  example,  by  the  ternary  ccapotmds 


T{A1,  Cu,  Jtg)/6/  and  T{Al,  1' »,  Zn)  /6/ ,  The  research  /?/  is  dsmted  in  partlcUar 


to  the  investigatisn  of  ternary  bertho' 


iljides. 


The  principle  factors  which  detersdne  the  coenposition  and  cr^tal  structure  of 


temarj*  aetal  coapounds  are:  the  cheaical  nature  of  the  elerents  foraing  thsa,  the 
valence  electron  concentration  and  the  dimensional  relntisnrsliips  of  the  atoms  {ions>- 
Ihese  factors  Hill  be  cor^idered  in  core  detail  belox. 

The  author  /lO/  ^^as  the  first  to  give  systssatized  data  on  ll.e  crystal  lattice 
of  ternary  metal  compounds.  In  all, approxiaately  250  corsponds  have  been  described 
and  their  structural  types  indicated, 

of  ternary  netal  coapaunds, and  the  valence  electron  concentration^ and  the  atcoic 
radii  are  considered  in  /li/. 

In  analysis  of  availb^e  data  shovrs  that  most  ternary  ■•netal  cc=ir>ciaids 
-rystallize  in  close-packed  lattices  ititfc  high  coordination  numbers  typical  of 
pure  cetals  and  binary  netal  conpounds.  The  caarconest  lattices  among  then  are  ones 

■W, 

Tfith  a  high  degree  of  syjaetry  —  cttoic  and  hexagonal. 

=?  f'-S 

There  aregroups  of  isoaorphie  ternary  netal  cocpcunds  differing  in  the  elcsents 
contained  in  the  sane  or  neighboring  groups  in  the  T5eriotlic  table.  This  is  an 
indication  of  the  great  part  played  by  the  checical  nature  of  the  elesents  saklng 
up  the  ternary  eoapcund,  3e_  w  ee  consider  st«e  typical  exauples  of  this 
cr^stallo-chenical  analogy. 

t 


The  nature  of  the  crystal  lattice  of  similar  ternary  metal  coapoands  also 


derends  on  the  chemical  properties  of  the  constituent  elements.  ?or  ezaple,  a 


comcarison  c: 


f  of  the  crystal  lattices  of. ternary  conpounds  Lil%li  and  LiZaH  (Fig.  1) 


shoKS  that  the  only  difference  betireen  then  is  that  ir.  the  case  fenaer 

lattice  the  arvanganent  of  aetal  atoos  (Hg  and  li)  is  statistical,  uhile  for  the 
latter  it  is  systematized  (id  and  M  2n  atoas).  This  can  be  ergilained  by  the  fact 
that  Li  and  lee  differ  in  their  chssical  nature  to  a  lesser  extent-  than  M  and  Zn. 


Fig.  1.  Crystal  lattices  of  IdMjgH  and  LiZcN  A2/»  1)  2)  N;  3)  Zn;  U)  li. 

Fig.  2.  Crystal  lattices  of  MUCnSb  and  Hi^lfeiSb  /13/;  iOTangenent  of  atons  for 
SilfaSb:  1)  Ni;  2)  Sbj  3)  ifaj  arrangeaent  for  ”i.,5tnSb;  type  Oj^  /5/s  1)  and  2)  Ri; 

Vv 

3}  Ifc;  U)  Sb;  type  f.'?  1)  and  3)  Ki;  2)  3fa;  U)  Sb. 


I^there  is  a  contiimoizs  trasition  betaeen  tao  ternary  coaporands,  the  rearrangeaent 
of  the  crystal  lattice  is  closely  linked  idth  a  change  in  the  ruitnre  of  t^th^chenical 
bend.  Thus,  T*en  going  fron  ItilbSb  to  Ni^ltnSb  A3/f  the  lattice  changes  frtsn  the 


CaF  type  to  the  Heusler  cl^se-packed  type  (Fig.  2}.  At  the  saae  time  there  is  an 
2 


»"•  Jf  TJ  ~“OT 


intensification  of  the  metal  bond,  idiich  is  confirmed  by  the  corresponding  change 


axi  bxxt?  uxa;^4C  k  A  • 

t 

Ijfidentical  crij'stal  lattices  are  often  possessed  by  binary  and  ternary  aetal 

5kV» 

Vo 

ccspcund^Tshich  hsve  si:i!ilar‘  ch^lcsi  bui;  ^ifTer  havine  anaXuous 

elfr>e"ts.  laical  examnles  of  this  are  the  nairs  Co  A1  —  Fe  NiAl  ,  and  Co  A1  — 

2  5  3  10  2  9 

produce 

FeNiAl  ,  Tihich  kzn  very  similar  x-ray  photographs  /lU/. 

o 

✓ 

Here  and  more  attention  has  been  given  of  late  to  the  stu(iy  of  the  crystal 

structrire  of  ternary  aetal  conpovmds.  TBe  should  point  out  the  *ork  of  Schubert  A5/ 

on  the  application  of  his  oto  theory  of  the  spatial  correlation  of  electrons  to  the 

explanation  of  the  structure  of  ternary  compound  lattices.  Fig,  3.  sgons  a  moddL 

of  this  kind  for  the  phase  S(iL  CuKg)  T»ith  indication  of  the  spatial  distribution 

2 

of  atoms  and  electrons. 

In  the  case  of  a  nusfcer  of  teruiary  aetal  cocqjounds  with  cooplex  crystal  lattices 
thearranseaent  of  the  atoas  has  been  worked  out  and  Brillouin  zones  have  been 
constructed,  lihen  spatial  aodsls  of  the  Brillouin  zones  for  similar  binary  and  ternary 


coapounds  are  coopared,  a  great  sisiUarity  is  often  detected  (see,  for  example,  the 

aedeis  in  Fig.  U  for  the  v<r  oounds  Xn  SiAl  and  Co  A1  according  to  /l6/), 

3  9  2  5 
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VT 
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3elo-  ive  a  brief  systsnatic  survey  of  metal  compounds,  showing  that  their 
composition  and  structure  depend  first  and  foremost  6n  the  chemical  nature  of  the 

^iC-f  >»v 

constituent  elements,  in  accordance  with  their  position  in  the  periodic  table; 
moreover,  all  the  types  characteristic  of  binary  compcands  can  be  found  among  them. 
This  is  a  manifestation  of  the  single  nature  of  binary  and  ternary  metal  coeq>ounds. 


Fig.  3.  Cr^tal  lattice  of  CuUg&l  A5/«  It  shuirj  rrrangucent  of 
atoms  and  electrons  (projection  with  respect  to  b  Figures 


indicate  height  of  atom  arrangement  in  values  ^Ur. 


Pig.  U,  First  Brillouin  zones  for  structure  of  ternary  metal 


compound  iinSiAl  (I)  and  binary  compound  Co  A1  (II). 

9  2  5 


2.  K’trnakov  gemaryi Phases 


There  are  hardly  any  references  in  scientific  literature  to  the  existancs  of 


ternary  metal  compounds  formed  during  the  as  tTa:rsition  of  ternary  solid  solutions. 

<>06  can  only  mention  the  worJc  of  Nemilov  and  cudnitskiy  At/,  in  which  proof  is 

o 

given  of  the  formation  of  a  emaiy  metal  compound  CuFeFt  at  ~1200  as  a  result 

2 


o 


of  the  transition  of  the  solid  solution  copper-nlatimtn-iron  (Fi^-  <), 

Nevertheless,  a  nuaber  of  Korks  have  established  the  effect  of  the  third 

cofflponent  on  the  conditions  for  the  formation  of  jKumaicov  binary/ conpounds.  It 

has  been  brought  to  light  that  tkxxcffnJbcaS  2n,  Hi,  Cd,  Ti,  Mg,  Al,  in  and  Ag,  for 

example,  affect  the  fonation  of  the  ccnpounds  AuCu  end  AuCu  /18-21/. 

3 

Soae  of  these  elements  (Zn,  Hi,  Un,  Ag)  greatly  reduce  the  formation  teaperature 
of  binary  coapounds,  imile  others  have  little  effect  this  sense.  The  reduction 
of  the  foraation  teaperature  of  binary  coapounds  increases  with  an  incrase  af  «, 
the  third  element  dissolved  in  them. 

Pig.  5.  Diagram  of  state  for  rt-CuFe  alloys  /iT/j 
Here  is  shown  the  feraation  of  the  ternary  Kumakov 
metal  coonound  Ov^ert 

2 

Of  great  interest  are  the  unusual  methods  of  investigating  the  «ihea.-il  bonds 

zi- 

ii!  adid  solutions,  devised  and  tests  with  a  great  deal  of  oaparimental  material  by 
Grum-Grzhinaylo  /22-27/.  To  detect  the  electron  bonds  expressing  the  nature  of  the 
chemical  interaction  bet»  •en  the  atcas,  Gruw-Grxhilaylo  used  the  method  of 


10 


neasui'irj;  the  galvansEagnetlc  affects,  the  Hall  effect  and  the  residual  electric 


resistance- 


StutV  cf  the  solid  solutions  in  the  systems  Fe-Cr,  ?e*-Co,  Co-Ki,  Cu-Hi,  etc, 
revealed  characteristic  iriflexicns  in  the  curves  corrtsponding  to  xet’-l  coj.poimfi'’ 
of  a  certain  ccraposition.  This  reasarch  clearly  confiras  the  diange  in  the  nature  of 
cheuical  bonds  in  concentrations  corresponding  to  the  cosipcsiticn  of  tlic  chesical 

coapounds.  the  use  cf  thii  nethod  enabled  Grua-Grshilayio  to  discover  a  mniber 

^  o 

of  ntygj^-armrgTthOTTtaiMaiqi  r  netal  conpour.ds>  aaong  tiiaa  ternary  ccxplunds.  For  exanple, 

in  the  ternary  systea  Fe-Co-*i  there  were  discovered  idoc  ternary  compounds  of  the 

cosposition  Fe  Ki*  Fe  Co  ,  Fe  Ki  -  CcSi  and  FeKi  *  CoNi  (Fig.  6).  A  rardjer  of 
2  U  2  3  5  5 

toma^y  conpounds  irare  also  discovered  in  the  systea  Cu-Fe-ai  (Fig.  ?;. 


Fig.  6.  Ketal  corxounds  in  the 


Fig.  7-  Uetal  ccrroounds  in  the 


systea  Fe-Co-Si  /25/. 


systea  Ca-Fe-Ni  /^/. 


The  so-called  O-  and  ^-phases  should  also  be  counted  aEwig  SumaScov  phases. 
The  isoaorphisa  of  the  or- phases  and  their  related  cheaical  nature  suggest 


the  possibility  of  their  lon-ng  together  continuous  solid  solutions.  This  has  been 


11 


proved_,  for  example,  ir.  the  case  of  the  systea  FeCr-?eV  /28/,  ir  Trhich  there  is 
unlimited  natuai  solubility  coth  helon  and  above  the  zone  of  the  fornation  teaper- 


atnres  of  the  o -phases  (Fig.  6). 


Siailar  solubility  relationships  exist  ■ahen  the  ^-phases  inteinct.  For  exaasle, 
the  existance  has  been  confiraed  /29/  of  continuous  solid  solutions  for  the 


is-siorphic  phases  y^(Fe  Jio  )  and  {Co  *o  )  (Fig.  9 

7  5  7  6 


Fig.  6.  Continuous  solid  solutions  between  cozpcunds  FeCr  and  FeV 


(S’ —phases/  /23/* 


O  ~  halts  along  the  cooling  citrve  1)  liquid  -t-  ot-solid  sol. 


^  -  halts  along  the  heating  curve  2)  Solid  solution 


3)  (F  -phases 


FeV  in  Jt  weight 


sA  ’v'  fttc— .'.t 


Fig  9.  Continuous  solid  solutions  between  coe^unds  yU.(Co  Ko  ) 

^  7  6 

o 

and  *^(Fe  Ho  )  at  12GC  in  the  ternarv  diagrsa  Fe-Co-Jlo  /29/ 

'  7  5 


l)  Fe  in  %  weight  2}  Co  in  $  weight  3)  Hi  in  S  wei^t 


j 

I 


I 
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In  a  niriber  of  srailar  solid  solutions  there  saaetines  fora  ternary  phases 
Tdth  extress  property  values.  There  is  no  doubt  that  in  such  phases  the  asai^iitii-ie 
of  the  cheeical  bond  betiraer-  the  =t  interacting  eiesents  changes,  which  is  a  sign 
of  the  foraation  of  associations  close  to  typical  ternary  cenpounds. 

3. Valent  Ternary  Vetal  Compounds 

At  the  present  tdise  study  has  been  aade  cf  a  large  group  of  ternary  coapounds 
containing  elesents  fren  theil  and  vfperiodic  groups;  Table  1  gives  seas  exanples. 
The  consitient  eleaeats  in  these  ccapcunds  show  valence  corresponding  to  their 
pcs'ticn  in  the  nsriodiE  systss.  The  imrestigat-ion  of  similar  coapounds  of  the 
sane  tiae  has  shown  that  their  structure  and  presperties  change  xmmr^  ^ste»- 
anically  as  their  chenid  composition  changes. 

Table  1 

Valent  Ternary  Cksapounds 
'  c 

IJ  Analogs  differing  in  elesents  of  Vjgroup| 

2)  Corocund 


3)  •‘dteratare  reference 

U)  Arralogs  different  in  group  H,  HI  and  IV  eleaents 


33 


■  iei)"MiiiinrSTi  tiitfTirg  in  ■limit  IIj  HI  iini  greias 

r)  CvXirouiid 

6)  literature  reference 


For  ezssolc*  coQT>oTinds  containing  the  nonaetals  liUgli,  Id.  AlP  ,  Li  AlAs  » 

3232 

Agi^gfis,  and  so  on,  have  a  .strongly  aarJced  salt-fomisg  nature,  a^dch  is  cccfirsed 
in  the  najority  of  caaes  by  high  aelting  points,  low  electrfcc  conductivity,  low 
hydrolyiability  and  other  characteristics  of  coapounds  with  an  ion  bond  /32A 

i 

On  the  other  hand,  in  siailar  coapounds  forsed  solely  fro*  the  aetals  CuM^i, 

CuCdSb  etc,  setal  properties  show  up  aore  clearly,  and  the  aetal  bond  predoeinates. 

A  siailar  analysis  of  crystal  structures  ccnfiraing  the  difference  in  properties 
and  nature  of  the  interatoeic  brod  of  certain  groves  of  these  coapounds 
is  given  in  /30,  3U  and  35/. 

U.  Electronic  Ternary  Ifetal  Coapounds 

Very  few  electronic  ternary  coapounds  satisfy  the  TTme  Bother?  rolsdtldbahdUc  if 
the  valence  electron  cCTcentration  (VEC)  is  reckoned  by  the  gensral  rules,  and  in 
particular,  if  the  elenents  in  Ate  !vill  are  given  zero  valence.  ?or  ex-«aple. 


feSnh'i  according  to  /35/,and  C'oAufe , according  Lo  Iyij^aa.v6  a  VEC  ■=  3/2  and 
2  2 

cnjstallize  in  the  /i-orass  structure.  If  it  is  assused  that,  according  to 

/ll/,  the  valence  of  aanganese  is  en>al  te  unity,  then  ancng  the  clsctmnic 

A  -r-kases  ice  can  also  class  such  cotnneunds  as  Cn  itrAl,  Cu  Mnin,  Cn  VnSn,  Hi  IfaSn, 

!  ■  ‘2222 

aaszix  and  so  on. 

Kig.  10.  Valence  electron  concentration  of  ternary  eetal  ecEpoueds 
containing  aluBinuB  and  transitional  netals  /28/. 

1)  electron  ctsicentration  el/at. 

Fex  of  the  other  ternary  electronic  cenpounds  confora  to  the  Kote-Eothery 

rale.  To  explain  their  structure  iiaynor  and  his  coirorkers  /39,  39/  nade  use  of 

Pauling’s  theory,  idiich  is  based  on  the  idea  of  the  "negative"  valence  of  transition 

netals  xith  incossplete  ^levels.  According  to  this  theory,  idien  altciiraa  and 

silicon  fora  netal  coopounds  with  the  transition  setals  of  the  Uth  period,  A1  and  Si 

iddle 

give  up  their  valent  electrons  to  the  coonon  electron  'collertive*  alaiaM  the 

transition  wlwwta  laetals  laiaaxfa  capture  soae  of  theseto  coeplets  their  own 

d-2evels.  “ere  the  nnaber  cf  captured  electrons  depends  on  the  elenent(s  position 
syste* 

in  the  reriodic  and  can  be  calculated  on  the  basis  of  the  aagnetic  properties 


as  iriH^rs<J-Pothel7^■  binary  phases^ 

of  the  eleaents.  Thus,  the  transition  eleaents  are  not  given  a  zero  valence,|ibnt 
rather  a  negative  valence  xhic*ij  according  to  Pauling)  is  equal  to  the  nua^er  of 
electrons  in  -^le  so-called  ”atoE5.c“  orbits  {T^4e  2). 

Table  2 


1)  Kmber  of  "^cant"  electrons  for  certain  setals  (frcm  magnetic  neasurcBeirt) 

2]  Eieasnt 

3^  Ku:i)er  of  el/aton  in  the  "atoadc"  orbits. 

C 

If  ire  wark  out  the  VEp  for  various  ternary  coapounds  frwa  these  values,  as  can 

r'ngie  out  several  groups  aith  identical  vEC  values  ("T^ie  3  and  Fig.  10), 

cw  .  - - 

In  group  I  the  co^ounds  1,  2  and  5  are  isoceorphlK;  they  all  contain  SCtf  lataaj 

alusinun. 

Tmvro  3 

c- 

Valence  electrwi  confsstratiOT  and  crystal  lattices  of 
sane  ternary  netal  coapounds 

1)  Koj  2)  Group*  3)  VF*  e  ^atosj  U)  Ternary  ccoi-ound;  5)  Crystal  lattice;  6)  ^t.  ref 


7)  crthorhcebicj  8)  hexagonal^  9)  cubic;  lO)  tetragcbal;  H)  ao; 
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Mi 

In  group  II  the  coppounds  5  and  10  are  iscoorphte  and  fora  continuous  solid 
solutions  together  /38/. 

In  group  III  coespounds  13  and  lU  have  close  aonoclinic  lattices;  it  is  interest¬ 
ing  that  the  electronic  concentration  lewnpan  for  xhis  group  is  s'*  =o  attained  in 

i-.i  t 

the  iscaorphl*  aaxnauas-saturated  solutions  of  silicon  cr  nj^l  in  the  binary 

cospcund  Co  Ai  j  Saynor  and  Ffeii  consider  that  this  electron  conceutration 
2  9 

is  generally  speaking  the  nssisnia  for  ternary  netal  cospcunds. 

A  calculation  of  the  electron  concentration  can  also  be  aade  by  another  aethod, 
if  it  is  assmed  that  transition  aetals  acquire  a  vdiole  nuaber  of  electrons  per  atm 
(Table  U). 

T»le  h 

l}  J^usber  of  ^vacant**  electrons  Tor  certain  aetals  according  to 
2)  Siesent 

3)  Suaiber  of  d/atoas  in  "atooic"  orbits 

The  data  cibtained  by  this  aethod,  hoaevery  tally  to  a  lesser  extent  xith  the 
shape  and  voluse  of  the  Brilloxiin  xones,  and  do  not  show  sucdi  a  gawA  close  correspond¬ 
ence  in  the  electron  concenv-atioos  for  certain  solid  solutions  Oil  binary 

I 

aetal  cos^unds. 
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adopted 

The  TgrrT-#'sr  i''»  ■•■f » niEsber  of  "secant”  electrons  Tot  transition  setals  |in 
these  calcrjlations  is  not  the  only  onepossible.  For  exasple.  the  research  /29/ 
on  solid  solutions  betirejn  the  Cf-  and  -j^ases  in  certain  ternary  systeas  recognises 
the  advisability  of  giving  transition  metals  the  valuts  for  the  nutbe— :  of  vacant 
electrons  shcvr.  in  Table 


In  this  case»  for  excaple,  for  solid  solutions  between  theyU-ptiases,  the 


electron  valence  concentration  maintains  a  constant  value  ranging  frm  2.9S  to 
3«2U  ei/atom. 


h. 

ISi. 


Table  5. 

1)  fiuH&er  of  “vacant”  electrons  for  certain  setals  according  to  /29/ 

2)  Elssent 


3/  u » ^ O'**  d/atcs  “atcscic“  czbits 

a. 

The  examples  riven  show  Uwt  a  certain  artificiality  in  ike  VEC  calculation 


based  on  the  vacant  electron  theory,  which  shows  up  in  the  tendency  to  level  out 

data 

this  value  for  certain  gro;^  of  ternary  setai  {biases.  Uoreover,  The  figw—  in 


Table  3  deaonstaLrate  that  the  laws  governing  "iip  lint  between  electron  concentration 


and  crustal  structure,  discovered  by  Huae  -Eothery  fcr  a  maiber  of  binary  aetal 
c 

^  compounds,  do  not  apply  to  the  case  of  ternary  cowpcuads,  with  rare  exceptions. 
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Thus,  t^.9  results  of  the  study  of  tei-naGry  electron-type  coapotaids  do  not 
5iakc  it  possible  at  the  present  tiae  to  find  a  satisfactory  e^rolaration  for  their 
structure.  A  aora  detailed  studty  of  the  conditions  for  cheraical  interaction  between 
the  eletenls  during  the  foraatior.  of  these  cocapounds  riH  alone  kelp  to  bring  their 
ns't.'ur^  "to  %nd  sxcXsin  thsii*  infijrcn'fc  propert-ifts* 

Considerably  clearer  is  the  structure  of  terriaiy  electron  poases  abich  are 
solid  solutions  between  binary  electronic  coapounds.  It  has  been  established  that 
in  30st  cases  the  binary  coi^unds  relating  to  the  Huae-Eothery  phases,  idiich  posses 
an  identical  electron  concentration  and  indentical  types  of  crystal  lattice,  fora 

■r  c* 

continuous  solid  solutions  togetherj  sooe  examples  age  gixen  in  Table  6. 

Table  6 

C-ontinuous  solid  solutions  between  binary  electronic  coopoands 

1)  |i-brass  type;  =  3/2;  2)  J  -brass  type  V6C  =  2lA3;  3)  5-  -phase  type;  VEC  =  7/U 

literature 

3i),  systas;  5)  tiiwraty  reference. 


in  aost  cases  the  foiwation  of  these  continuous  solid  solutions  conforas  to 
conditions  foisulated  i*  by  Kornilov  /56/.  In  the  given  case  binary  coapounds 
with  a  close  cheaical  cor^yition  consisting  of  analog-eleaents  usually  lom 


5.  TemarT,  Laves( Phases 

Asonf  the  ternary  'xetal  compounds  sere  found  phases  -with  hoaotactic  structures 

%Cu  -jJgSi  -HfiZn  uhich  satisfied  the  condition  of  volme  relationships  for  the 
2  2  '  2 

atonic  radii  tgrpical  of  the  Binary  Laves- phases. 

A  detailed  analysis  of  the  crystal  structure  of  th=‘se  jdiases,  shich  are  marked 
bv  hich  coordination  nuibers,  and  their  ^stsaatics  axe  given  in  the  reasearch  /59/« 
A  nuaber  of  itemary  laves -phases  is  also  given  in  /ll/  *ith  the  "•ire-rs  O!:  their 

I 

ai’UTidance. 

Table  7  gives  sone  exas^les  on  the  basis  of  data  contained  in  /60/ * 


Table  7 


T^emaiy  laves  Phases 


1)  Type  of  crystal  structure;  2)  coapositicxi;  3)  ratio  of  radii  H  ;  kix 


For  these  csEpounds  Ji  /R  is  as  an  average  equal  to  1.2G6,  ifcich  is  ohiy  sli^t3y 
~A  B 

different  frca  the  ideal  ratio  (1.225). 


Tnere  is  a  notable  ohsaical  sijaiiariiy  in  a  nuabar  of  coapoimds  cotspoaed 

c 

of  analoc  elements.  Ibsi  shoots  that  ihe  cteical  nature  of  elesent-a  laaking  un 

A 

a  given  group  of  coOTounds  is  of  great  inportance  in  addition  to  the  voluae 
factor. 

The  binary  Laves  bonds  rarely  fora  continuous  solid  solutions  aaong  theaselves. 

liore  characteristic  during  their  inteiraction  are  cases  in  irtiich  tnzro  is  a 

successive  transition  frot  the  structure  KgCu  to  MgZn  via  »  observed  in 

2  2  2 

certain  ternary  systeas  /6l-65/» 

It  is  possible  that  the  interaediate  phases  foraing  in  the  process  can  be 
related  to  the  ternary  aetal  cooporind  grotip. 

C 

6.  Ternary  Mikel-Arssnide  Phases 
A 

So  far  few  ternary  netal  coopaunds  have  been  found  with  a  KlAs  structure. 

c 

Lxanples  are  the  co=:pund  BeSiZr  /66/,  and  also  dertain  cocpounds  containing 
geraardv  (JfaiFeGe,  ItnCoGe,  JfcXlGe,  FcCoGe,  FeSiGe)  and  others  ?ysteaati*ed  in 
/67/. 

ns  know,  however,  of  nany  ternary  phases  which  are  continuous  solid  solutions 
between  two  binary  netal  c-vEpounds,  soese  at  exaapies  of  which  are  given  in  Table  6. 


The  solid  solution  area  between  FeSb  and  NiSb  is  shown  in  the  diagram  (Fig.  II1/69/. 


“his  systen  is  interesting  as  an  example  of  the  formation  of  continuous  solid 


solutions  betufscn  a  daltonide  (HiSb)  and  a  bertholide  (FeSb). 

In  a  chemical  sense  these  phases  are  very  close  to  each  other,  since  they 
are  formed  by  analog  elements  of  groups  V  and  VITT .  At  the  same  tiae,  they  are 
a  clear  example  of  the  <ipi;earance  of  the  earlier  established  regularities  governing 
the  formation  of  continuous  metallide  solid  solutions  />6/. 

Table  6 

•'•orti*'-’'''-’'’-  solid  solutions  between  binary  nickel-arsenide  metal  coo^ounds 
1)  systen  j  2)  literature  reference 

7.  Ternary  Laves  Phases^ 

Borides.  The  formation  of  ternary  compounds  containing  boron  /72,  73/  has 
alreac^y  been  noted,  ihe  ternary  borides  found  have  the  composition  shomn  in  Table  9. 


Fig,  U,  Continuous  metallide  solutions 
in  the  ^stea  Sb-Fe-Ki  /69/. 

1)  Ni  aton  2)  Fe  aton  %. 


Trairslator*  s  notes  In  the  list  of  contents  at  the  beginning  of  the  article 


this  section  (7)  is  entitled  ’Temiaiy  Interstitial  Phases.' 


\  --  - 


i 


?3  ■ 

borides  containir.f;  ^^ansition  metais  of  either  the  sane  group  or  adjacent  2ro\:p3 
in  tile  periodic  systea. 

Those  data  sho*  the  close  chenical  nature  and  si-ailar  structure  of  certain 
groups  of  continuous  solid  solutions  containing  boron. 

Carbides.  Terr^ry  coapounds  containing  carbon  constitute  a  cleas-  exanplc 
of  chesical  analogy.  He  can  single  oat  a  nurber  of  groups  of  th^sa  cospounds, 

*v 

Tihich  differ  in  analog  eleaents  ami  hare  identical  Taoiecular  ccrapositions  and 
isoQorphia  ciystal  lattices  (Table  11.) 

Tijle  11 

Ternarv  cetal  caspounds  containing  carbon 
V  i  ,  i.  '/  *  / 

l)  ccrroosition;  Z)  literature  references. 

The  carbides  studied  are  nainly  coup-osed  of  eleoents  in  the  VI  and  VIII 
periodic  groiqjsi  KaiQr  of  thera  can  dissolve  excess  cosiponent  eleaents  and  fom 
hoioganeous  areas  on  the  ternary  disgrasss.  They  are  all  interstitial  phases. 

A  nu!X)er  of  ternary  phases  containinf  carbon  are  continuous  solid  solutions 


betraen  iscoorphous  carbides  (Table  12) 


Continuous  solid  solutions  between  carbides 


1)  sjstea;  2)  literature  reference. 

ibe  eheciesl  analogy  also  shoss  up  sell  hers.  The  ^stens  in  Table  12 
are  conposed  of  phases  containing  either  eleaents  of  tt  groim  IV  or  V  of  the 
periodic  table • 

ccroounds 

suicides.  The  ailitiiin  -shich  have  studied  aost  mans  the  temai7  silicides 
are  are  those  containing  aluainan  or  eleaents  in  ian  group  VIII  of  the  periodic 
systsa.. Scene  eraaples  are  given  in  Table  13. 

also 

Temaiy  silicides  related  to  electronic  compounds  are]  considered  ioqi  on 
p.  761  mxxm. 

Tne  liaited  nature  of  ejqjeriaental  data  on  the  coaplex  silicides  aaies  it 

iapossible  to  raake  any  g^eralizations.  Only  a  few  representatives  have  been 
Bore 

studied  in  detail  (For  instance.  He  Sl&l  ;  see  above). 

3  9 


Sane  ternary  silicides  are  continuous  solid  solutions  betre=n  binary  conp- 
ounds  (Table  lU). 

The  first  tKo  sysijsas  are  cheaicaily  anal^ous.  The  other  ^steas  contain 
analog  elesenis  of  groups  IV,  ¥  and  71  of  the  periodic  systeu  and  closely  confora 
to  the  rule  for  the  foraatitui  of  continuous  solid  solutions  /li8/. 
lii 

Table  13 

Ternary  netal  cospounds  containing  silicon 
*  ^  * 

1)  coapound;  2)  literature  reference. 

■‘able  lU 

Continuous  solid  solutions  between  silicides 

1)  ^ystea;  2)  literature  reference. 

Kitrides.  Ncn-ralent  ternary  cosptmnds  contaiing  nitrogen  i«re  ixatmamsA 

cnly  discovered  co-ioaratively  recently.  Soie  of  thcrfones  grouped  in  Table  15 
a 

show  cltarly-aarhed  oiea-.aliy  analogy  in  structure. 
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Table  15 

Ternary  netal  coapounds  contairong  nitrogen 

/  i  ‘ 

l)  cccpound;  2)  literature  reference. 

Table  16 

Continuous  solid  solutions  betrcsn  nitrides 

2 

1)  systen;  2)  literature  reference. 

Conosrison  of  the  continuous  solid  solutions  forsed  by  nitrides  (Table  16) 
also  shows  the  close  cheaical  nature  of  ternary  rdiases  containing  nitrogen. 

An  analysis  of  the  data  given  *ove  mates  it  possible  to  lay  down  that 
in  all  the  groups,  known  so  far,  of  typical  ternary  set^  coapounds  and  ternary 
chases  relating  to  continuous  aetal  solid  solutions  between  two  biraiy  metal 
coapounds,  the  effect  of  the  chenical  factor  shows  up  clearly  ax  in  the 
chesical  and  crystalocheoical  axa  siiilarity  of  the  ternary  phases  in  this  groira. 


2? 


Th"  part  played  by  the  cheaical  factor  is  also  a  doninanik  one  in  the 
foraation  of  the  ternary  phases  of  other  groups  unrelated  to  the  ternary 
conpsands  /ll/,  for  exanple,  lisaited  oriianic  metal  solid  eluticns  or  temaiy 
solid  solutions  based  on  a  component  of  the  ternary  diagram.  This  stakes  it 
possible  in  many  cases  to  predict  the  formation  of  ternary  phases  in  ^sbass 
as  yet  uninvestigated,  and  thereby  greatly  facilitates  the  constmetior'  of  the 
latter. 


Properties  and  Iractical  ^pjOleation  of  fernary  Metal  Caroounds 
Ihere  has  been  very  little  investigation  of  the  properties  of  ternary 
metal  corpounds.  But  even  the  ean^rimental  data  to  hand  enables  us  to  estsiblish 
the  relationship  between  the  properties  and  chasical  nature  of  the  temaiy 
coapounds. 

Tssle  17  gives  data  on  the  shade  of  color  of  compounds  classed  as  "valent". 
It  is  ea^  to  see  that  in  each  triad  id<ich  has  two  coonoa  elements  the  intensity 
of  the  shade  increases  with  the  atoaic  nnaber  of  the  third  element  (erovp  V) 


according  to  a  law. 


Shade  of  color  of  soce  "valent"  ternary  ccaipo'unds 

Ccap)03ition  Color  iddtxxxxf*  Lit.  hef. 

light  red-brovn 
red- 

brom 

broTO 


vhite  to  H^t  gray 
to  red  broim 

to  dark  broro 
light  gray 
light  broTBi 
blaek-brirdn  to  black 
yelloi^-gray 

oroTO 

gray-black  to  black 

yello* 

broTO 

gray-black 


yelloir 


ilarle  i?  cor-tiniiA-i) 
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Color 

broim 

black 


Ji’^erous  investigationsof  the  so-cailed  "Heusler  alloys"  All-I23l/  have  proved 

that  their  sagnetic  prorerties  are  closely  associated  vith  the  forsaticn  of  r?  j, 

ternary  aetal  coaoou-’ds  Cu  UnAl,  Cu  HnGa>  Cu  UnIn  and  Cu  3CaSn.  The  first 

2  2  2  2 

three  of  these  are  che^dcal  analogs  and  the  laai»t»iJ—  last  differs  in 
one  element  dose  in  chemical  nature  . 

A2lj/ 

A  similar  connection  shoss  up  in  other  ternary  ^steas.  for  exssple, 

magnetic  prop-erties  are  possessed  by  a  nisber  of  other  ternary  coaponnds 

'sith  a  conson  chemical  nature  and  identical  crystal  lattices,  sanely 

Co  HnGe,  Hi  XnGe,  Co  iinSn  and  Hi  2£a5n. 

2  2  2  2 

^orsd-Eg  ir.  collaboratiOT  dth  Chernov  A25/  the  author  has  deterainsd 
the  electrocheaical  potentials  of  certain  ternary  aetal  cenpoends  containing 
sagnesivx  cr  alininua  (Table  1&). 

Table  18 

Electrochaical  potentials  c£  certain  ternary  aetal  compounds 
containing  aaanasiua  or  altaimn. 

iix  Conposition  of  ternary  consound  ■  ^lectrochenical  potential  Lit.  Hef. 

- - -  at  200 

*1ie  give  the  steady-state  values  of  the  potentials  in  a  3;&  KaCl  sol.  freo  hydrogen  elect 


A  ccsroarason  of  ternary  coapounds  ffith  tuo  coraion  elesents  shows  that 
ill  nost  cases  »t»«r«ry*^«>-»vTwr»«ri-iirr««w«TtwTtwwTwx  the  greater  the  difference  in 
cheaical  coacosition  between  each  of  the  two  elements  and  the  thirti,  the  acre 
positive  the  potentials  becoae* 

The  Quantitative  valves  of  the  nicrohardncss  of  certain  ternary  netal  coeajxjunds 

were  deterained  /?,  125t127/.  The  author  deterained  the  aicrobardness  of  soae 

ternary  coapounds  containing  aluainua  and  raagnesiua  of  interest  frora  the  stand- 

t 

point  of  developiTig  light  alloys  for  aviation.  The  rssults  of  this  invi^OTigation 
are  given  in  Tables  19  and  20. 

T^le  19 

Hicrohardness  of  sene  ternary  netal  corpounds  containing  aagnesiin 
l/'  ,  V  ,  Cl 

2 

l)  lio;  2)  coaposition  of  temaiy  conpound;  3)  =icrohardness  at  2CP  E  ^  kg/»  ; 

4-j)  literature  reference. 

Sy  coeiparing  the  values  for  !aicrohardness  it  is  possible  to  sec  that  in 
3ost  cases  the  latter  incriiases  with  an  increase  in  the  chesical  difference  in 


the  elements  foraing  the  temaiy  ccapound.  A  siailar  regtOarity  can  be  observed 
if  we  eoGpare  ternary  coapounds  with  two  elenents  in  coanon,  for  eraaple,  (Table  19 
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Hos 


1_2;  3_!._5;  6-7;  ?-c.  Jie/eover,  in  this  series  of  temsiy  ccsroounds 


containing  aaenesim,  the  harflness  is  greater  in  cases  where  the  nagnesiira 

co3iir.es  with  eleaents  along  way  away  frca  it  in  the  periodic  system  (Hos.  5-8 

2 

have  H  -  :  Iih5-U6l  kg/am  )  cospared  with  those  coaov'sed  of  elosar-’Tlng  eleaents 

2 

(“os.  l-li  and  6-7  with  a  hardness  239->U5  kg/sa  ). 

Table  20 

Microhardness  of  some  ternary  compounds  containing  alminaa 

I 

u\  i) 


I 


1)  Ho;  2)  coapcsition;  3)  aiceohardness  at  20''  K  kg/m  ;  U)  literature  ref. 

A  siailar  regularity  is  ofcserved,  generally  speaktngr  in  the  groim  containing 
aluainum  (Table  20).  'aius,  the  hardness  of  compounds  1-5  in  Table  20  containing. 


ever  a 


apart  froa  aluaiiras,  elenents  of  periodic  groiros  I  and  II  varies 

2 

range  of  fairly  small  values  (H.  q  ^  297-ljlU  );  compounds  6-10,  vMch  Include 

2 

group  VI  and  VII  eleients,  show  increased  hardness  (H  ^  -  U21-e80  kg^m  )j 

fir-ally,  the  last  five  cospounds  (Kos.  11-15  in  Table  20)  containing  group  VHI 

2 

eleaents  have  the  greatest  lardaess  (Hq  '  7JjO-ILU7  kg^m  )/ 

Thus,  the  hardness  of  teraaiy  ovlai  coapounds  is  a  known  function  of  the 


>u'j--€s/ix, 

position  of  the  constituent  elenents  in  the  periodic  that  is  to  say, 

it  increases  as  the  cheaicsl  properties  cf  the  eleaents  di’'fer. 

A  zi'szbeT  of  publications  /125,  12$/  are  devoted  to  deternination  of  the 
hardness  of  ternary  ’cetal  coapounds  at  elevated  temperatures. 

The  microhardness  of  certain  ternary  compounds  containing  alizsinruk 
at  300°  is  shoim  in  Table  21  /125/. 


Table  21 


Sficrohardness  at  300°  of  ternary  metal 


« 

compounds  contaiiiing  aluaiirua 

i)  ^ 

I 

T)  '-5  3'' 


*  Indentor  load  50  g 


2 

1)  composition;  2)  ar  crohai^iness  in  kg/sc  ,  soaking  for;  3)  30  sec;  60  ain 


It  should  be  pointed  out  that  when  the  tenperature  is  suffici^tly  high, 
most  netal  compounds  change  to  a  plastic  state  and  acquire  .property  of  ea?y 


deformation 


.1 


t _ .  .  ■V- 


This  was  first  proved  for  the  case  of  binary  netal  cotapo'mds  by  Sa'/itskiy. 


He  carraed  oui.  a  great  isal  of  e5?peri*5ent-52.  '*ork/l28— X3l/  i!bich  has  been  general.— 


ized  in  an  extensive  sonogpaph  showing  tise  possibilily  of  pressing  aetal  cocapounds 
during  heating,  and  investigating  in  detail  the  structural  and  yi’v^rty  changes 
taking  place  during  the  process. 

Our  0T51  s:!ceri=ents  on  pressing  ternary  netal  compounds  also  en^le^^  to 
establish  that  ternary  coapounds  fragile  at  noraal  tecperatures  change  to  a 
piasi-ic  state  when  heated  and  becoae  liable  to  considerable  dsfori4tion*  -t 
was  established,  in  particular,  that  the  possibility  of  dsforaing  certain  ternary 
connounds  (for  exaaple  Ca  %  2a  )  enables  us  to  eive  tha  a  acre  favorable 

2  5  5 

structural  shroe  and  thereby  have  an  positive  effect  on  the  alloy’s  plasticity 
indices  as  a  whole. 

It  should  be  pointed  out  in  condnsion  that  there  are  as  yet  too  few 

T 

experiaental  datato  establish  the  definite  quantitative  relationships  betusen 

t 

the  composition  of  ternary  compounds  and  their  propex*ties.  3ut  the  investigations 

e 

carried  out  indicate  the  exist^ce  of  certain  naluirals  larre  in  this  respect 


deteraiined  by  the  che-»ici_  nature  of  the  elements  foraing  the  ternary  ccmpoundj- 


aMiii 


-  *«* 


corrosion  resCistance . 
aetal 

TemaryAcoaipounds  are  net-  -with  in  the  structure  of  nany  alleys  of  practice 
iaportancc.  Tr-e  greatest  aaount  of  reseaich  in  which  this  Is  dscsTtrated  is 
devcte.i  to  aluainua  alloys  /153-1U2/.  Ihs  ternary  compounds  are  present  in  the* 
both  in  a  free\  structu;^^  state  as  -Kell  as  in  the  fora  of  solid  solutions  containing 
ihese  conpcunds« 

The  properties  of  ternary  netal  compounds  and  the  conditions  \mder  rdiich 
they  interact  with  the  base  netal  of  the  alloy  sake  it  possible  to  note  the  following 
general  principles  for  their  uses 


1).  Hardening  of  solid  solutions iby  dissolving 


ternary  aetal  cospounds 


in  then.  Then  such  ternary 


solid  solutions  fora,  the  interatoaic 


bonds  which  occur  are  aore  tioc  corclex  than  in  binary  coepeunds,  and  there  is 


considerably  acre  distortion  of  the  crystal  lattice. giving  rise  to  greater 


properties 

the  greater  the  difference  in  tne  chesaical  ntxxK  of  the  elements, iaucuuxJdiKXXX 
sxronger 

the  yr«gt»T-  their  cheaical  bond,  and  the  nore  stable  the  conpounds  foraed  becoaej 
their  hardness  incteases  ,  the  aelting  point  is  raised  and^eiectrochenical 
potentials  iaprove.  In  a  n'osber  of  cases  these  properties  can  be  suc~essfuily 
aoplied  in  allays  for  iapi*cTing  the  mechanical  properties,  heat  resistance  and 


hardening 


3r> 


a 
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2) .  Hardeninp  alloys  by  forming  in  them  structiire-free  ternary  metal 

cccipounds  marked  by  greater  mechanical  properties.  Sksb  of  these  ternary  conponnds 

have  greater  hardness  than  the  binary  ones,  hence  the  hardening  effect  may  als-^ 

be  more  clearly  marked.  IVpical  in  this  respect  are  cases  of  the  improvenent  in 

the  hardness  of  instnment  steels  by  through  the  formation  of  ternary  carbides 

c-f  the  tyre  ?e  If  C,  ?e  C  /6l,  lli3/,  Ti  IF  C  /ihh/,  and  so  on. 
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3)  .  The  hardening  of  alloys  through  the  formation  in  then  of  ternary  metal 
coapri'ipds  containing  a  relatively  greater  quantity  of  metal  as  the  base  than  in 
binary  compounds.  Hera  the  effect  of  *he  alloying  elements  on  the  structure 
and  properties  shows  up  more  strongly  than  in  the  formation  of  the  binary  coapoands. 

Thus  Dudzinskiy  /ll*5,  1U6/  and  his  eoworkers  have  shown  that  the  formation 

of  ternary  metal  compounds  in  aluminum  alloys  can  in  certain  instances  appreciaibly 

stressing 

increase  the  modclus  of  normal  elesticily  of  the  latter,  nille 
that  in  certain  cases  the  modulus  of  alminun  alleys  increases  2CS^,  the  authors 
.-.ote  the  great  effect,  cf  great  practical  importance,  of  ter  ary  laetal  compounds 
on  the  properties  of  industrial  alloys,  particularly  those  ;sed  in  aviation. 

b.  The  use  of  the  temperature-variable  solubility  of  ternary  setal  ccoipounds 
in  the  base  metal  in  order  to  bring  about  hardening  through  heat  treatment,  tdiich 

consists  in  quonehing  with  subsequent  aging.  It  has  been  established  that  in  a 

] 


nusfaer  of  ternary'  systsas  solid  solutions  irith  setal  bases  mav  be  in  a  stete  of 

of 

equilibrium  with  dif'erent  ternary  aelAl  compounds;  for  many  allqysfSis  system 

"metal-ternary  mstal  compounds"  it  has  been  demcnstrated  that  there  is  an  increase 

in  the  solubility  of  the  ternary  coapound  daring  heating.  Thus,  as  a  result  of 

the  ter;pering  of  certain  alleys  of  this  typ>e  we  can  obtain  sunersatrated  solid 

solutions  capable  of  hardening  during  subsequent  aging. 

The  TiO  5  3  u  1 1 A  “tMT  is  noted  of  using  ternary  compoimds  for  hardening  aluainuD 

alloys/l6,  138,  lli7,  lUC/.  In  particular  we  should  point  out  a  number  of 

investigations  by  Bagaryatskiy  AU9-152/  in  which  he  jrivss  a  detailed  analysis 

of  the  role  of  the  ternary  phase  S(A1  Cu%)  during  the  aging  of  alvsainua  allqys. 

2 

From  scae  other  invesigation  /ij) 3-156/  the  similar  rale  of  the  ternary  ccspoiind 
T(A1,  Mg,  Zn)  is  obvious. 

He  made  a  special  investigation  /15?— 159/  of  cast  and  pressed  aluainm— 
and  nagnesiuB-base  alloys  during  which  we  deaonstrated  the  possibilily  of  hardening 
these  allqys  with  ternary  metal  compounds. 

5).  Improving  the  heat,  resistance  of  alloys  containing  ternary  metal  compounds 
by  creating  a  structure  r  ich  prevents  plastic  deformation  to  the  maximum  extent 
during  heating.  At  certain  teaperatures  this  structiire,  as  shown  by  Kornilov  in 
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a  msaber  of  im’estieationa  /16C-162/,  corresponds  to  a  stati  in  ishich  the  solid 
solution  is  saturated  to  the  saxisuss.  In  the  given  case  there  fori!  solid  solutions 


saturated  with  ternary  aetal  compounds.  By  virtue  of  their  nore  conplicatdd 


crystal  lattice^ ternary  solid  solutions  should  have  greater  resis^-snce  to 


defomaticn  at  elehated  teaperatures  coapared  with  binary  solutions. 


U-i  ~  TO 


Influence  of  teaperature  on  hardness  of  some  aetal  coapounds  and  heat-resistant 
alleys  AoB/;  arrons  indicate  0.6  I  xxxk  (lyre  JfoC:  (2)  >7  Fe  ^  C;(3)  Fc  ifo  ; 

—  !j^2  ■2  2U  76 


(U)  alloy  S-8I6;  (5)  jetalloy  1650. 


Fig.  13. 

Influence  of  teaperature  on  hardness  of  certain  uetal  compounds  /l63ji  arrows 

show  0.6  T  :  (1)  S'  Fe  Cr  Ko  }  (2)  yFe  Cr  Ho  ;  (3)<r  CoGr;  (U)  (yFeCr. 

a  36  12  10  36  12  10 


decoEiposition 

The  JBoaBrJ^of  ternary  solid  sblutiocs  with  precipitation  of  particles  of 


ternary  netal  coapounds,  in  a  state  of  dispersitm  or  with  pre-precipitation 
of  the  parti cli:s,  may  also  cause  greater  plastic  strength  during  heating,  and 


consequently,  nay  ir.crease  heat  resistance. 


V 
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It  is  also  3-T7isatlf=  to  use  the  high  de?ree  cf  hardness  and  oxidation  x»z± 


resistance  oT  a  u’jsi&er  of  t^'j — aiy  seta!  conpounds  '■hen  develor-ing  titK  Jvaa'tr- 
resistar.t  alloys.  Scae  temaiy  coapands  /163/are  considerably  gireater 


in  hardrress  than  nodem  heat-resistant  alloys  (?tg.  121  and  binary  setal  ccapoonds 


(Fig.  13)  at  noraal,  and  particular iy,  elevated. tenperatures. 


The  possibility  of  incresaing  the-  heat  resistance  of  altninua  alloys  xith 


ternary  netal  comounds  xas  dencnst;  ated  by  us  in  earlier  resear<£i  A6!i.  1^./ • 


6?).  ibs  imprcvensnt  of  corrosion  resistance  in  alloys  by  the 


addition  to  thes 


and  suitable  structural  distributicn  in  ■then:  of  ternary  setal  cospounds  •with 


favorable  electioch^Sir cal  potantrals  m 


C^pS3rS**5  STiS'i 


study 


Tije  investigation  7*166/  is  devoted  to  tuec  specie] 


fof  the 


effect  of  ternary  uetal  ccspounds  on  the  corrosion  resistnace  of  pressed  alirsinus 


alloys. 


7).  The  rroductior.  of  alloys  nith  defini'te  physica 


rties  by  using 


the  corresponding  properties  of  ternary  aetal  coegpounds  .  This  includes,  for 
example,  the  above-quoted  work  on  Heusler  alloys  ipzrdlfitftx  (p.  787). 

8) .  The  use  of  tsrn>  ty  netal  c-osroounds  in  order  to  isrart  technological 


nreperties  to  all<^s.  In  this  connection  we  should  point  out  investigaticns 


conccmeci  idth  the  effect  of  temaiy  ccapounds  on  nodified  sil’cair.es,  on 


plasticity  of  castings  of  aliiainua  alloys  /133»  171/  and  chrcce-aanganese  A72/f' 
zr.d  also  on  refining  oetals,  for  exarple,  the  docarbonization  of  nraniua  . 


fhe  effect  of  ternary  setal  conpounds  on  the  ».rop€rties  a?'~lntis  and 


saenesiis  alloys  is  considered  in  acre  detail  in  /17'r/» 
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